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INTRODUCTION 

Most u l t r a f i l t r a t i o n  ( U F )  s t u d i e s  have focused on aqueous 
systems where s o l u t i o n s  are c o n c e n t r a t e d  by t h e  removal of w a t e r .  
References t o  t h e  UF o f  non-aqueous s o l u t i o n s  are i n f r e q u e n t .  Th&). 
p a u c i t y  of s t u d i e s  on non-aqueous s o l u t i o n s  h a s  been due p r i m a r i l y  
t o  t h r e e  reasons.  F i r s t ,  p resent -day  membrane technology i s  pr imar-  
i l y  d i r e c t e d  toward t h e  d e m i n e r a l i z a t i o n  o f  s a l i n e  and b r a c k i s h  
waters. Second, t h e  o r g a n i c  f o u l i n g  i n  water of c o n v e n t i o n a l  c e l l u -  
los ic  type  membranes h a s  l i m i t e d  t h e i r  u s e  i n  non-aqueous, o r g a n i c  
s o l u t i o n s .  T h i r d ,  t h e  low p r i c e  o f  energy dur ing  t h e  l as t  t w o  
decades d i d  n o t  encourage e n g i n e e r s  t o  develop low p r e s s u r e ,  t h u s  
l o w  energy techniques  o f  s e p a r a t i o n  which w e r e  c a p i t a l  i n t e n s i v e .  
But now w i t h  t h e  n e c e s s i t y  f o r  energy c o n s e r v a t i o n  and t h e  develop- 
ment of membranes made of  new polymer ic  materials,  ones which provide  
both  good mechanical  c h a r a c t e r i s t i c s  and good r e s i s t a n c e  a g a i n s t  
chemical  a t t a c k ,  membrane t e c h n o l o g i e s  a r e  being a p p l i e d  t o  non- 
aqueous systems ;* 3 ) .  

V i r t u a l l y  a l l  of t h e  c o a l  l i q u e f a c t i o n  p r o c e s s e s  r e q u i r e  t h e  
s e p a r a t i o n  o f  ash p a r t i c l e s  from t h e  c o a l  d e r i v e d  l i q u i d s  i n  o r d e r  t o  
q u a l i f y  t h e  product  as a furnace  f u e l .  The SRC, S o l v e n t  Ref ined  
Coal ,  p r o c e s s  produces a l i q u i d  having  about  5% a s h ;  a r e d u c t i o n  of 
a s h  t o  below 0 .1% is  necessary  t o  o b v i a t e  t h e  u s e  of e l e c t r o s t a t i c  
p r e c i p i t a t o r s  i n  t h e  f u r n a c e ,  t h u s  reducing  c a p i t a l  costs i n  p r o d u c t  
u t i l i z a t i o n .  A f u r t h e r  de-ashing t o  less t h a n  0 . 0 0 5 %  would q u a l i f y  
SRC a s  a g a s  t u r b i n e  f u e l .  A l s o ,  s i n c e  m o s t  of  t h e  s u l f u r  i n  SRC 
(0 .55%)  i s  c o n c e n t r a t e d  i n  t h e  a s h ;  a UF de-ashing p r o c e s s  would 
p a r t i a l l y  o b v i a t e  t h e  need f o r  e x t e n s i v e  d e s u l f u r i z a t i o n  o f  t h e  
p r o d u c t . 4  . A t y p i c a l  a n a l y s i s  i s  shown i n  Table  1. The a s p h a l t e n e s  
(benzenh S o l u b l e ,  pentane s o l u b l e )  are b e l i e v e d  t o  be  r e s p o n s i b l e  f o r  
t h e  high v i s c o s i t y  of  t h e  product .  A s e p a r a t i o n  of  t h e s e  a s p h a l t e n e s  
from t h e  f u e l  could s e r v e  t o  a v e r t  v i s c o s i t y - r e l a t e d  problems i n  use. 
These a s p h a l t e n e s  could  be f u r t h e r  t r e a t e d  by t h e r m a l  hydrocracking  
t o  produce more o i l .  

The o b j e c t i v e  i n  t h i s  i n v e s t i g a t i o n  w a s  t o  s t u d y  t h e  de-ashing 
(a lso d e - s u l f u r i z a t i o n )  of SRC u s i n g  UF membranes i n c l u d i n g  ones  of 
f ixed-charge ,  s u l f o n i c  a c i d  n a t u r e .  P r i n c i p a l l y  such  p a r a m e t e r s  a s  
f e e d  v i s c o s i t y ,  t empera ture ,  use of s o l v e n t s ,  cross-f low v e l o c i t y ,  
n a t u r e  of  t h e  membrane and i ts  f o u l i n g  were of i n t e r e s t .  
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T a b l e  I 

Analys is  of  SRC (SAMPLE from F i l t e r  f e e d  f r m  I N D I A N A  V Coal) 

S p e c i f i c  g r a v i t y  a t  9OOc 
V i s c o s i t y  a t  105OC 
O i l s  (Pentane solubles) 
Asphal tenes  ( P e n t a n e  InSOlubleS) 
Organic  Benzene I n s o l u b l e s  
Ash ( I n o r g a n i c  Insolubles) 
S u l f u r  

1.087 
19.8 ( c p )  
65.0% ( w t .  % )  
27.9% ( w t .  % )  
5.7% ( w t .  % )  
5.45% ( w t .  % )  
0.55% ( w t . % )  

EXPERIMENTAL 

A. Apparatus:  The sys tem used i n  t h i s  i n v e s t i g a t i o n  i s  shown i n  
F ig .  1. The 2 .0  1 s t a i n l e s s  s teel  reservoir was h e a t e d  by h e a t i n g  
t a p e s  and i t s  t e m p e r a t u r e  c o n t r o l l e d  by a v a r i a c .  The device  r e a d i l y  
w i t h s t a n d s  p r e s s u r e s  up t o  1500 p s i .  The o p e r a t i n g  p r e s s u r e s  w e r e  
p rovided  by compressed n i t r o g e n  g a s  a p p l i e d  d i r e c t l y  t o  t h e  reser- 
v o i r .  The f low l i n e s  w e r e  made of 0.5 i n .  schedule  - 40 p ipes .  
R e - c i r c u l a t i o n  ra tes  w e r e  monitored w i t h  a h igh  tempera ture  and 
p r e s s u r e  (up t o  1400 p s i g .  and 205OC) d i a l  i n d i c a t o r  purgemeter  
Model 10A2227, manufac tured  by F i s c h e r  and P o r t e r  Co. o f  Warminster, 
Pennsylvania .  The o p e r a t i n g  tempera ture  w a s  measured a t  t h e  e x i t  o f  
t h e  cell wi th  a s t a i n l e s s  s tee l  Weston thermometer. A s p e c i a l  posi-  
t i v e  d isp lacement  pump from t h e  Viking Pump D i v i s i o n ,  Model GG1950 
w i t h  steel e x t e r n a l  d i r e c t  d r i v e  u n i t ,  a c t e d  as a f e e d  carrier t o  t h e  
system. T h i s  pump c a n  handle  many t y p e s  o f  l i q u i d s  w i t h  v i s c o s i t i e s  
up t o  15,000 S.S.U. a t  tempera tures  up t o  107OC. 

B. Membranes and their Condi t ion ing:  U F  membranes are u s u a l l y  
s t o r e d  and c o n d i t i o n e d  i n  water b e f o r e  use.  I n  t h i s  s t u d y ,  t h e  f i r s t  
t r e a t m e n t  w a s  t o  c o n d i t i o n  t h e  membranes i n  a non-aqueous environ-  
ment. To avoid  osmotic shock t h i s  t r a n s f e r  was accomplished gradual -  
l y  a t  r e g u l a r  i n t e r v a l s ,  every  1 0  minutes ,  by i n c r e a s i n g  t h e  concen- 
t r a t i o n  o f  t h e  s o l v e n t  w i t h  r e s p e c t  t o  water, us ing  a w a t e r  m i s c i b l e  
s o l v e n t  s u c h  as methanol .  Then t h e  membrane could  be t r a n s f e r r e d  
d i r e c t l y  t o  any o t h e r  non-aqueous s o l v e n t  ( t o l u e n e ,  hexane,  k e r o s e n e ,  
. - . I .  

T h e  membranes used  i n  t h i s  s t u d y  were cast from a s o l u t i o n  of 
polyacrylamide o n t o  a spun bonded p o l y s t e r  suppor t .  The membranes 
pore  r a d i i  w e r e  a b o u t  1.5 nn and 70% pore  volume ( P o i s e u i l l e )  . 
C. 24 CB - Creosote S o l v e n t :  T h i s  s o l v e n t  w a s  o b t a i n e d  from A l l i e d  
Chemical, Semet s o h ~ y  D i v i s i o n  of  Morr is town,  New J e r s e y .  T h i s  i s  a 
s p e c i a l l y  r e f i n e d  c r e o s o t e  d i s t i l l a t e  of  t a r  o b t a i n e d  by t h e  h igh  
tempera ture  c a r b o n i z a t i o n  of bi tuminous c a a l ,  and f u r t h e r  processed  
t o  remove e x c e s s  c r y s t a l l i n e  s a l t s  and make t h e  o i l  more f l u i d .  The 
24-CB c r e o s o t e  o i l  h a s  a s p e c i f i c  g r a v i t y  a t  38OC/15.5OC of 1.06,  
and i t s  v i s c o s i t y  i s  about  2 . 1  Cp a t  100°C. 

D. Analys is  fo r  Ash: A m u f f l e  f u r n a c e  o p e r a t i n g  a t  tempera tures  up 
t o  9500C w a s  used  f o r  t h e  a n a l y s i s  f o r  i n o r g a n i c  ash. Weighted 
samples  of  t h e  f e e d s  and t h e  permeates  o f  SRC (each  weighing about  
10  9 )  were d r i e d  o v e r n i g h t  a t  about  100°C; fo l lowing  t h i s  t h e  temper- 
a t u r e  of t h e  f u r n a c e  w a s  i n c r e a s e d  by 50OC increments  e v e r y  h a l f  hour 
u n t i l  9OOoC and t h e n  k e p t  t h e r e  f o r  2-3 h o u r s ,  a f t e r  which t h e  red- 
d i s h  brown powder which r e s u l t e d  w a s  cooled  i n  a d e s s i c a t o r  and 
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weighted.  
cont inued  u n t i l  no f u r t h e r  weight  loss w a s  observed.  

RESULTS AND DISCUSSION 

To  i n s u r e  t o t a l  d e c a r b o n a t i o n ,  t h e  p r o c e s s  a t  900°C was 

AS shown i n  F i g u r e  2. an i n c r e a s e  i n  tempera ture  from 85OC t o  
l O O O C  i n c r e a s e d  t h e  f l u x  by a f a c t o r  of about  2.5. I t  i s  known t h a t  
h i g h  tempera tures  reduce  t h e  v i s c o s i t y  o f  t h e  f l u i d .  With SRC, on 
going  from 85oC t o  l O O O C  t h e  v i s c o s i t y  w a s  lowered from about  42.0 Cp 
t o  about  20.8 Cp, o r  by a f a c t o r  o f  2.0.  A s  f o r  ash  r e j e c t i o n  
(99 .8% a t  85OC; 99.9% a t  100°c) t h i s  improves w i t h  h i g h e r  tempera- 
t u r e s  and wi th  h i g h e r  a x i a l  v e l o c i t y  o f  t h e  f l u i d  due t o  i t s  lowered 
v i s c o s i t y .  From F i g u r e  3,  one Can see t h a t  h i g h  p r e s s u r e s  t e n d  t o  
i n c r e a s e  t h e  r e s i s t a n c e  t o  flow because  under  h igh  p r e s s u r e s  p a r t i -  
cles a r e  f o r c e d  a g a i n s t  t h e  membrane and p o s s i b l y  i n t o  t h e  p o r e s .  
These e f f e c t s  create a p o l a r i z e d  boundary l a y e r  which may p r e v e n t  
h i g h e r  f l u x e s .  W e  o b s e r v e d  t h a t  a t  t h e  beginning  o f  t h e  r u n ,  a t  high 
p r e s s u r e s  (15 .51  x LO5 P a s c a l s  o r  225 p s i g )  t h e  r e j e c t i o n  i s  low 
compared t o  t h e  one measured a t  t h e  end o f  t h e  r u n ( 5 ) .  High pres-  
s u r e s  f o r c e  t h e  s m a l l e r  p a r t i c l e s  i n t o  t h e  l a r g e r  p o r e s ,  which are 
r e s p o n s i b l e  f o r  t h e  l o w  r e j e c t i o n .  A f t e r  t h e  g e l  s l i m e  h a s  formed, 
t h e  r e j e c t i o n  i s  u s u a l l y  1 0 0 %  b u t  t h e  f l u x e s  are much lower. 

UF of SRC w a s  run, a t  the same tempera ture  and p r e s s u r e  b u t  a t  
d i f f e r e p t  a x i a l  v e l o c i t i e s ,  as shown on Figure  4. A t  h igh  a x i a l  
v e l o c i t i e s  t h e  f l u x e s  l e v e l e d  o f f  smoothly t o  reach  a h i g h e r  s t e a d y  
s ta te  l e v e l ;  a t  l o w  velocities, f l u x e s  d e c r e a s e d  s h a r p l y  as s h w n  by 
t h e  curve f o r  t h e  v e l o c i t y  o f  v = 305 cm/sec. Higher  v e l o c i t i e s  
a p p a r e n t l y  p r e v e n t e d  t h e  format ion  o f  t h e  g e l  s l i m e  on t h e  s u r f a c e  o f  
t h e  membrane, and  reduced  t h e  t h i c k n e s s  o f  t h e  boundary l a y e r  by pro- 
moting t u r b u l e n c e ,  i n  t h e  f low of  t h e  f l u i d  i n  t h e  ce l l .  A s  f o r  a s h ,  
r e j e c t i o n ,  (99.909d1, 99. 892; 9 9 .  803) it i n c r e a s e s  w i t h  i n c r e a s i n g  
v e l o c i t i e s  f o r  t h e  same reasons  given above. 

shown i n  F igure  5 (Curve # 2 ) .  I t  shows t h a t  a 1 0 %  d i l u t i o n  almost 
doubled t h e  f l u x e s .  T h i s  a g a i n  i s  e x p l a i n e d  by t h e  f a c t  t h a t  Creo- 
sote oil has a l o w  v i s c o s i t y  (about  2 . 0  Cp a t  94OC) compared w i t h  t h e  
SRC v i s c o s i t y  of 35.8 Cp a t  94oC, t h i s  reduces  t h e  v i s c o s i t y  of  t h e  
SRC s o l u t i o n  and makes t h e  f l u i d  much e a s i e r  t o  flow. Ash r e j e c t i o n  
a l s o  i n c r e a s e d  w i t h  d i l u t i o n ,  100% compared w i t h  t h a t  o f  p u r e  SRC 
(99 .9%) .  One o b s e r v e s  t h a t  d i l u t i o n  h a s  t h e  same e f f e c t  as  tempera- 
t u r e ;  both serve t o  reduce  t h e  SRC v i s c o s i t y .  

see a s t r o n g  e f f e c t  of d i l u t i o n .  A 10% d i l u t i o n  i n c r e a s e d  t h e  f l u x  
by a f a c t o r  o f  3 .5 ;  a 25% d i l u t i o n  i n c r e a s e d  t h e  f l u x  by a f a c t o r  o f  
6.5. Ash r e j e c t i o n  a l s o  i n c r e a s e d  w i t h  d i l u t i o n ,  99.99 - 100% 

T h e  p e r m e a b i l i t i e s  o f  d i l u t e d  SRC w i t h  24-CB Creosote  oil i s  

With t o l u e n e ,  as shown i n  F igure  5 (Curves # 3  and 4 ) ,  one can 

compared w i t h  99.9% f o r  u n d i l u t e d  SRC. 
From t h e  r e s u l t s  s h w n  i n  F i g u r e  5,  one observes  t h a t  t o l u e n e  

s e r v e d  much b e t t e r  t h a n  24-CB Creosote o i l ,  p r i m a r i l y  because  it h a s  
a lower v i s c o s i t y  t h a n  c r e o s o t e  o i l .  -_---_-_____________ 

1 a t  v = 366 c m / s e c .  
2 a t  v = 335 cm/sec. 
3 a t  v = 305 cm/sec. 
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